Pericentromeric genotype in p(MII) and p(MI)ES cells.
To analyze the pattern of chromosomal segregation induced under the different oocyte activation protocols, we sought to determine the pericentromeric genotype and the patterns of recombination of the p(MII)ES and p(MI)ES cell lines using SNPs that distinguish the parental mouse strains (C57BL/6 and CBA) (2) . We selected an informative SNP locus on each chromosome close to the centromere that should sustain minimal recombination (average distance, 5.5 Mbp; Fig. S4 ). The locus harboring the SNP was amplified by PCR and sequenced, which allowed us to distinguish C57BL/6, CBA, and B6CBAF1 specific profiles (not shown). As hypothesized, p(MII)ES cells were found to be homozygous for either the C57BL/6 or CBA peri-centromeric SNPs (Fig.  S5c) , whereas all but one of 5 p(MI)ES cells were found to be heterozygous for all peri-centromeric SNPs tested ( Fig. S5d-h ). Homozygosity of one locus in one p(MI)ES cell ( (MI)ES   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  X   b  a  d  c  f  e  g  h   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18 Figure 5 ) Genotyping of peri-centromeric SNPs in p(MII)ES and p(MI)ES cells to determine homozygosity or heterozygosity. Strain specific SNP signals for C57BL/6, CBA, or B6CBAF1 were detected by sequencing of a PCR amplicon that harbored a strain-specific SNP. Loci for which the SNP allele was detected are marked in color beneath the relevant strain. Chromosome number of the SNP is indicated. Genomic DNA samples from C57BL/6 and CBA mice were tested as controls (a, b). Genomic DNA from one p(MII)ES cell line (c) and five p(MI)ES cell lines (d-h) were tested at SNPs located within 3.4-9.9 Mbps of the centromere. (Fig. S4) . Given the nature of the two distinct protocols for parthenogenetic activation, we reasoned that p(MII)ES cells would have predominant peri-centromeric homozygosity, with recombination reflected by a telomeric predominance of heterozygous SNPs. A survey of 72 independent clones of p(MII)ES cells indeed confirmed that the frequency of heterozygous SNPs increased in proportion to the distance from the centromere to the SNP (Fig. S6a) . Conversely, we reasoned that the p(MI)ES cells would have predominant peri-centromeric heterozygosity, with recombination reflected by a telomeric predominance of homozygous SNPs. In a survey of 23 p(MI)ES cell lines, the frequency of homozygous SNPs increased in proportion to the distance from the centromere to the genetic markers ( Fig.  S6b ). ES cells isolated from embryos that result from natural fertilization events between strains of inbred mice (fES cells from F1 matings) should show heterozygosity at all loci, because the gametes derive from homozygous parents in which meiotic recombination is genetically invisible. As anticipated, we detected complete heterozygosity at the three SNP loci on chromosome 17 in 20 fES cell lines (Fig. S6c) . Therefore, by plotting the heterozygosity rate vs. marker distance from the centromere, we can readily determine whether an ES cell represents the p(MI)ES, p(MII)ES, or fES type (Fig. S6 , lower panels). The genotyping data on the p(MI)ES cells demonstrates significant suppression of the genome map (910cM). One model to explain this apparent suppression of recombination is co-segregation of recombinant chromatids in the second meiotic division (in apparent violation of Sturtevant's rule, which dictates that recombinant chromosomes segregate independently). A schema is shown that demonstrates the possible outcomes of the chromatid segregation process, assuming independent segregation after recombination events on one homologous chromatid pair (obligate co-segregation due to non-disjunction is an alternative model). a, If crossing over has not occurred at the MHC region (distal recombination), all 4 genotypes will remain heterozygous at the MHC locus. b, If crossing over has occurred proximal to the MHC region and chromatids that exchanged DNA during crossing over do not segregate together, homozygosity at the locus will be generated (HOMr). Alternatively, if the chromatids that exchanged DNA during crossing over at the MHC do segregate together (either by chance or non-disjunction), heterozygosity at the locus will be restored (HET/HETr). For simplicity, recombination involving only one of the two sister chromatids is shown. In fact, both sisters of paired homologues may undergo recombination, which will yield a more complex pattern of genotypes, but all tending to favor maintenance of heterozygosity. Different parental origins of homologous chromosomes are represented by distinct colors. The MHC locus is represented by circles. During germ cell development, the unique parental methylation marks, or imprints, are first erased in the primordial germ cells and later re-established during oogenesis or spermiogenesis so that specific loci are expressed from either the maternally or paternally inherited allele. Because p(MI)ES cells are established after the re-establishment of imprints in the growing oocyte (3), they should lack paternal imprints and carry only maternal methylation marks on both chromosomes. We used the methylation sensitive restriction endonucleases PstI/NotI to digest genomic DNA isolated from p(MII)ES, p(MI)ES, and androgenetic ES cells (aES, derived from blastocysts developed from two sperm pronuclei) (4) to distinguish the allele that carries paternal vs. maternal methylation marks. Genomic DNA of 16 p(MI)ES cell clones and controls were digested with PstI/NotI, and hybridized with a probe from the Rasgrf1 gene, as described (5). This locus is typically methylated on the paternal allele, which renders it resistant to restriction digestion, thereby yielding a fragment length of 8 kbp. The unmethylated maternal allele results in a 3 kbp fragment. Digestion of parthenogenetic ES cells (p(MII)ES) shows the maternal allele. Digestion of androgenetic ES cells (aES) that are derived from reconstruction of a zygote with 2 male pronuclei shows only the paternal alleles, while ES cells isolated from fertilized embryos (fES) shows both. All p(MI)ES cell clones reveal the maternal pattern, consistent with their derivation from cells that harbor only a maternal genome.
SOM Figure 6) Recombination in p(MII)ES, p(MI)ES, and fES cells detected by

p(MI)ES cell derivation.
Eight to ten week old female mice were superovulated by injection of 5 IU PMSG, and 48 h later, 5 IU hCG. Oocytes were collected from ovary within 9 hours after hCG injection. Cumulus cells were dispersed by incubation in hyaluronidase (Sigma, H4272: 1mg/ml in KSOM) for 2-5 minutes at 37ºC for 5 min. Cumulus-free oocytes were then washed five times in 500 microliters of KSOM. The cumulus cell free oocytes were incubated in KSOM containing 5 µg/ml of cytochalasin D (Sigma, C8273) for 3 hours. Cumulus-free oocytes were then washed five times in 500 microliters of KSOM and incubated in KSOM at 37°C in 5% CO2 for 6 hours. The oocytes were activated in KSOM containing 10 µM calcium ionophore A23187 for 5 min in air, then in 2 mM 6-dimethylaminopurine (6-DMAP) (Sigma, D2629) dissolved in KSOM at 37°C in 5% CO2 for 3 hours. Embryos were then washed five times in 500 microliters of KSOM. All cultures were performed in culture condition at 37°C in 5% CO2, 5% O2, and 90% N2 with 50 µM MAP kinase inhibitor PD98059 (Cell Signaling Tech, #9900) in serum free ES maintenance media, which enhanced ES cell isolation efficiency. Developmental stage was evaluated under a stereomicroscope.
Teratoma induction
We assayed teratoma formation by undifferentiated ES cells by injecting 106 cells into the subcutaneous tissue above the rear haunch of 6 week old mice. Teratomas were analyzed six to twelve weeks post-injection. We assayed teratoma formation from pre-differentiated ES cells by injecting 14 day old embryoid bodies containing 2 x 106 live-cells into the subcutaneous tissue above the rear haunch of 6 week old mice. The live-cells were determined by Trypan Blue Vital Staining (Sigma, T8154) after dissociating the EBs with collagenase (6). Teratoma formation was monitored for 3 months post injection. Table 2 . We tested the hypothesis that ES cells genetically matched to the recipient's MHC profile will form teratomas, while those with any degree of MHC mis-match will not. Both controls (experiments with fES cells) and test samples (experiments with pES) agree with the hypothesis (p <0.001). Differences between the control and test samples were evaluated by Chi-Square analysis incorporating Yates' correction for continuity. The value of Chi-Square (1.0456, with 1 d.f.) is smaller than the critical value at the 0.05 level of significance, which is 3.841. We therefore conclude that the teratoma formation frequencies within the pES test samples follow the hypothesis and do not significantly differ from the control fES samples, as would be expected by chance.
Statistical analysis.
